TABLE I
CHARACTERISTICS OF AMIDES OF Some UNSATURATED AcCIDS

Unsubstituted amid

Nus- Acid M Cate e "D nd casyToon % Hydrosen % & camtroseny, 7o
1 Oleic® 76 90.2 90.2 76.8 77.0 12.5 12,4 497 4.91
2  Elaidic 90° 90.2 90.2 7e.8 77.1 12,5 12,7 4.97 491
3 Linoleic
4 Ricinoleic
&  10-Hendecenoic 87.0-87.5% 138.5  135.7° .. . 7.64 7.53

« One-half hour Wijs method.

b Data taken from the paper by Roe, Scanlan and Swern.? ° Emeljanoff and Albitzky?®

give 93-94°, ¢ Jonesand Pyman, J. Chem. Soc., 127, 2588 (1925), give 87°. ° Micro-hydrogenation no. 8: Caled. 183.3;

found 183.9.

TasLE 11
CHARACTERISTICS OF N-SUBSTITUTED AMIDES OF SOME UNSATURATED Acips

No. —_——N-(2-Hydrox ethyl)-amid
Carb):m ¥

N (n-cDodecyl)-amidﬁ

from y Hydroge Nit: i
Table M. p. Jodine No.2 % Y™ RS M. p., _lodine Noso "«}Z“' Hyd".fge"' Nitgggen,
I oC.' Caled. Found Caled. Found Caled. Found Calcd. Found °C. Caled. Found Calcd. Found Caled. Found Caled. Found
1 63-64> 78.0 78.0 73.8 74.4 12.1 12.1 4.31 4.38 63.5- G56.4 56.1 80.1 79.8 13.2 12.9 3.11 3.07
54.0
2 87 78.0 78.1 73.8 73.7 12.1 12.2 4.31 4.19 75.0- 56.4 656.2 80,1 80.1 13.2 13.3 3.11 3.06
75.5°
3 30.0- 1669 167.6 74.3 74.3 11.5 11.3 4.33 4.13 45.5- 113.4 114.2 80.56 80.6 12.8 12.9 3.13 3.00
39.5 ) 46.0
4+ B4.5- 74.3 T4.8 70.3 70.4 115 11.7 4.10 4.26 56.0- 54.5 54.3 7.4 77.2 12.8 13.0 3.01 2.90
55.0 57.0
5  67.0- 111.7 111.4 68.7 68.5 11.1 115 6.16 6.05 61.5- 72.2 69.6° 78.6 78.3 12.9 12.8 3.98 4.02
67.5% 62.5
. One-half hour Wijs method. b Hydroxyl: caled,, 5.22; found, 5.18. ¢ Harber, Towa State Coll. J. Sci., 15, 13 (1940),
gives 73.6-74.0°. 4 Széki, Math. naturw. Aus. ungar. ‘Akad. Wiss., 54, 807 (1936), gives 70.6°. * Micro-hydrogenation

No. 8: Caled., 351.6; found, 356.4.

hydroxylation of mono-unsaturated acids is con-

veniently carried out,! and this technique has

some promise for identification purposes, the
impossibility of regenerating the parent acid from
the derivative by any simple procedure is a dis-
advantage. Furthermore, poly-unsaturated acids
cannot be hydroxylated in good yields by any of
the methods known at present, and the products
obtained consist of mixtures of isomers difficult
or impossible to separate. Poly-unsaturated
acids are usually identified as polybromo acids,
and the disadvantages of this technique have
already been pointed out.’ The fourth tech-
nique, however, appears to have none of the
drawbacks of the others. This technique has been
explored somewhat,®¢7 but the emphasis has been
primarily on the preparation of esters, which
not only have relatively low melting points, but
in esters of poly-unsaturated acids do not give the
calculated analytical values.

Amides are among the highest melting fatty
acid derivatives, and although considerable reli-
able data are available on the long-chain satu-
rated acids, the literature on amides of unsatu-
rated fatty acids is generally incomplete and often
unreliable. This paper describes the preparation
and some of the properties of the unsubstituted,
the N-(2-hydroxyethyl)-, and the N-(n-dodecyl)-
amides of linoleic, ricinoleic, 10-hendecenoic

(4) Swern, Billen, Findley and Scanlan, THIs JourNAL, 67, 1786
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¢ 9(5))Kn.u. Nichols and Burr, iébid., 64, 1061 (1942).
(6) Drake and Bronitsky, ébid., 63, 3715 (1930).
(7) Kimura, J. Soc. Ckem. Ind. Japan, 3T, 164B (1034).

. ethyl)-

(undecylenic) and elaidic acids. The results
are summarized in Tables I and II (the character-
istics of the corresponding amides of oleic acid,
taken from a previous paper,’ are included for
comparison).

The unsubstituted amides of oleic,? 10-hen-
decenoic and elaidic acids, and the N-(2-hydroxy-
and N-(n-dodecyl) amides of " oleic,
linoleic, ricinoleic, 10-hendecenoic and elaidic
acids were readily prepared in good yield. They
were white, crystalline solids which had the cal-
culated analytical characteristics. N-(2-Hydroxy-
ethyl)-hendecenamide had a strong pepper-like
taste. We wereunable to purify linoleamide, and
this amide, as well as N-(2-hydroxyethyl)-linole-
amide, rapidly became rancid and dark at room
temperature. They weresoon converted to viscous,
brown oils, although all operations on these and
the other amides described were conducted in an
atmosphere of nitrogen, and the samples were
stored under nitrogen. These two amides un-
doubtedly undergo rapid oxidation and polymeri-
zation in the presence of small quantities of oxy-
gen. N-(n-Dodecyl)-linoleamide, however, was
much more stable than the other linoleamides, and
after storage for several months it was only pale
yellow and slightly rancid. The amides of the
monounsaturated acids were stable, provided that
they were not heated in air. It was essential to
dry the amides in an atmosphere of nitrogen,
otherwise incorrect analytical values were ob-
tained. Some difficulty was experienced in ob-
taining theoretical iodine values on purified 10-



hendecenamide and. N-(z-dodecyl)-hendecena-
mide, even though the elemental analyses were
correct. The iodine values obtained on these two
compounds were usually about two to three units
lower than the calculated wvalues, but micro-
hydrogenation numbers were satisfactory.® It
has been reported that elaidamide melts at 93—
94°9 but the highest melting point we were able
to obtain was 90°, even though we worked with
carefully purified materials. The melting points
of oleamide (76°) and elaidamide (90°) differ
significantly and are readily duplicated, even
though widely different preparative reactions are
employed. This is good evidence that the con-
ventional reactions for preparing amides? do not
cause cis—{rans isomerization.

In the hydrolysis of N-(n-dodecyl)-amides to the
acid and amine hydrochloride by refluxing with
constant boiling hydrochloric acid, approximately
twelve hours reflux time was required, and acid
fractions with iodine numbers only about one-
third or ome-fourth those calculated were ob-
tained. The hydrolysis of the unsubstituted or
2-hydroxyethyl amides, however, was complete
in about one hour when a large excess (about
500%) of constant boiling hydrochloric acid was
employed, and the iodine numbers of the acid
fractions were over 909, of those calculated.

In view of the low melting points and relative
instability of the linoleamides, no attempt was
made to prepare the corresponding amides of
linolenic and eleostearic acids, since these would
be expected to have even lower melting points
and to be less stable.

Experimental®a

Materials Used.—Linoleic acid, iodine number 180.3,
was prepared by the debromination of 9,10,12,13-tetra-
bromostearic acid, m. p. 115.0-115.3°, with zinc dust in
diethyl ether solution.!® Methyl ricinoleate, b. p. 196—
199° (2.3-2.5 mm.), n¥p 1.4598, iodine number 81.3, was
prepared from castor oil by methanolysis, followed by
fractional distillation through a Vigreux column 3 feet
long and 1 inch in diameter.!! 10-Hendecenoic acid, m. p.
24.3-24.5°, b. p. 180° (26.5 mm.), iodine number 137.2,
was prepared!? from the purest commercial grade by frac-
tional distillation, and crystallization from petroleum
naphtha, hexane fraction, at —20°." Elaidic acid, m. p.
44°, was prepared from oleic acid by isomerization with
powdered selenium.!* Monoethanolamine and dodecyl-
amine were the purest commercial grades, and they
were distilled before use through efficient {fractionating
columns.

Preparation of Derivatives. Unsubstituted Amides.—
Linoleic, 10-hendecenoic and elaidic acids were converted
to the corresponding acid chlorides by reaction with oxalyl
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(89) Emeljanoff and Albitzky, J. Russ. Phys.-Chem. Soc., 31, 106
(1899).

(9a) All operations were conducted in an atmosphere of nitrogen.
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chloride in benzene solution, as described by Bauer.!
After removal of benzene and excess oxalyl chloride, the
acid chlorides were added dropwise to a large excess (500~
900%) of ice-cold concentrated aqueous ammonium hy-
droxide, with stirring. The crude amides were separated
from the aqueous layer and dissolved in a suitable solvent
(petroleum naphtha was employed for linoleamide, and
95%, ethanol was employed for .10-hendecenamide and
elaidamide; 4 to 5 ml. of solvent per gram of solute),
treated with activated carbon and filtered. The filtrates
were cooled to 0 to 5° (room temperature in the case of
elaidamide), and the amides which precipitated were
filtered off and washed with cold solvent. Linoleamide
was obtained as a white solid which could not be com-
pletely purified. Additional manipulation caused both
the melting point and iodine number to decrease. On
standing, the product, which contained 0.44%, of chlorine,
rapidly darkened and became rancid, and it was soon con-
verted to a brown viscous oil. 10-Hendecenamide and
elaidamide were white crystalline solids, which were puri-
fied by recrystallization from 95%, ethanol at 15 to 26°.
They were stable at room temperature. Since ricinoleic
acid is difficult to purify and is reported to be unstable, no
attempt was made to prepare ricinoleamide from it.
N-(2-Hydroxyethyl) -amides.—Linoleic, 10-hendecenoic
and elaidic acids, and methyl ricinoleate were refluxed
with a 509, molar excess of monoethanolamine (methyl
ricinoleate, one hour reflux; the others, two hours). The
cooled reaction mixtures were dissolved in petroleum
naphtha, 959, ethanol, petroleum naphtha and acetone,
respectively (3 to 8 ml. of solvent per gram of solute).
The solutions were treated with activated carbon and
filtered. The filtrates were cooled (N-(2-hydroxyethyl)-
elaidamide, 25°; N-(2-hydroxyethyl)-linoleamide, 0°;
the others, —20°) to precipitate the amides, which were
filtered off and washed with cold solvent. The products
were then recrystallized to constant melting point (N-(2-
hydroxyethyl)-elaidamide from 95%, ethanol at 10°).
N-(2-Hydroxyethyl) -linoleamide was unstable.
N-(n-Dodecyl)-amides.—Linoleic, 10-hendecenoic and
elaidic acids, and methyl ricinoleate were heated at 230°
with a 19, molar excess of #-dodecylamine (methy! ricino-
leate, three-hour reaction period; the others, thirty-five
minutes). The cooled reaction mixtures were dissolved
in 95%, ethanol (4 to 5 ml. of solvent per gram of solute),
the solutions were treated with activated carbon and
filtered. The filtrates were cooled to 0° (N-(n-dodecyl)-
elaidamide was crystallized at 25°), and the precipitated
amides were filtered off and washed with cold solvent, The
products were then recrystallized to constant melting points.

Acknowledgment,—The authors are indebted
to Jane Dixon and Mary Jane Welsh of the
Analytical and Physical Chemistry Division of
this Laboratory for the carbon, hydrogen and
nitrogen analyses.

Summary
N-(2-Hydroxyethyl)- and N-(n-dodecyl)-
linoleamides, ricinoleamides, elaidamides and

10-hendecenamides, as well as the unsubstituted
amides, elaidamide and 10-hendecenamide, have
been prepared and characterized. These amides
are suitable derivatives for the identification of
the parent unsaturated acids. Linoleamide could
not be completely purified. This compound, as
well -as N-(2-hydroxyethyl)-linoleamide, was un-
stable at room temperature, both being rapidly
converted to dark-brown viscous oils.
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(14) Bauer. Oil and Soap, 28, 1 (1946)
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II.2 Amides as Derivatives for the Identification of Some

Long-Chain Unsaturated Fatty Acids

By DANIEL SWERN, JEANNE M. STuTZMAN AND EDWARD T. ROE

Four techniques are usually employed for the
identification of long-chain unsaturated fatty
acids. They are (a) rigorous purification of the
acid, followed by comparison of its properties
with those of the acid with which it is presumed
to be identical, (b) cleavage of the acid by any
one of several well-known procedures, followed
by identification of the fragments, (c) preparation
of relatively high melting derivatives involving
the ethylenic system, and (d) preparation of
derivatives involving the carboxyl group.? The

(1) One of the laboratories of the Bureau of Agricultural and In-
dustrial Chemistry, Agricultural Research Administration, U. S.
Department of Agriculture. Article not copyrighted.

(2) For the first paper in this series, see TH1S JourNaL, T1, 2215
(1949).

(3) Shriner and Fuson, *“The Systematic Identification of Organic
Compounds,” 2nd Edition, John Wiley and Sonms, Inc., New York,
N. Y., 1940; McElvain, “The Characterization of Organic Com-
pounds,” The Macmillan Co., New York, N. Y., 1945; Wild,
‘‘Characterieation of Organie Compounds,” University Press,
Cambridge, England, 1947,

relatively high solubility of unsaturated fatty

-acids in organic solvents, their tendency to form

crystalline mixtures of invariant composition, and
the need for extremely low temperatures in their
isolation and purification render the first technique
time-consuming and impractical, and often it
does not produce a product of sufficiently high
purity, particularly when complex mixtures of
fatty acids are employed as the starting material.
The second technique is time-consuming, and in
addition the severe conditions sometimes required
to cleave the chain may cause isomerization.
Furthermiore, this technique may not give defini-
tive results because of poor yields of cleavage
products and the fact that the stereochemical
nature of the parent acid cannot be deduced
after the molecule is degraded. The third tech-
nique, which is the one most widely used, gen-
erally involves the formation of brominated or -
hydroxylated products. Although quantitative



